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The studies involving cell-mediated immunity in germfree 
animals are conflicting. In the guinea , skin allograft re-
jection and delayed hypersensitivity reactions are 
In contrast, skin allograft rejection is accelerated in the germ-
free rat, while in the mouse, it is comparable to that of the con-
ventional mouse. 
The effect of the germfree environment on the survival time 
of first and second set skin allografts and xenografts was obtained 
by comparing germfree (BALB/c x C57BL/lO) Fl female mice with age-
matched conventional controls for "strong" (H-2), "moderate" (non 
H-2), and "weak" (H-Y) alloantigenic incompatibilities, and germfree 
BALB/c female mice with their age-matched conventional counterparts 
for xenoantigenic incompatibilities. 
In the "strong" alloantigenic system, using C3Hf female skin 
allografts, there was no significant difference between germfree 
(9.6 ~ 0.4 days) and conventional (9.8 ~ 0.7 days) mice for the 
first set median surn val times.. Second set median surn val times 
were not remarkably different (germfree, 6.4 ~ O~l days; conventional 
6. 3 ~ 0.3 days).. In the "moderate" alloantigenic system, using 129 
female skin allografts, the first set median survival time of 15.0 
+ 1.4 days for mice was not significantly different from that 
of 13.5 ~ 0.7 days for conventional mice. Second set median 
survival times were the same for both groups, 6.3 ~ 0.1 days. 
There was no significant difference between first set median 
survival times for germfree (31.0 ~ 4.0 days) and conventional 
( 31. 0 ~ 3. 8 days) mi ce in the "we ak tI ant igeni c syst em, when 
(BALB/c x C57BL/IO) Fl male skin was grafted onto Fl hybrid 
females. The second set median survival times were not re-
markably different (12.6 ~ 2.3 days for germfree and 12.8 ~ 
2.9 days for conventional'. In the xenoantigenic system, using 
Fischer/344 male rat skin xenografts, a median survival time of 
7.1':' 0.2 day-s for germfree mice was not significantly differe:q.t 
from that of 6.8 ,:. 0.2 days for conventional mice. Second 
set xenografts for both groups were completely destroyed by d~ 
6 following transplantation. 
Apparently, neither the absence of viable microorganisms 
nor the reduction of lymphoid tissue in germfree mice have an 
effect on skin allograft and xenograft rejection. 
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THE SURVIVAL OF SKIN ALLOGRAFTS AND XENOGRAFTS IN GERMFREE MICE 
INTRODUCTION 
The germfree mouse, as defined, is free of bacteria, PPLOs, 
protozoans, fungi, ecto and endo parasites, and horizontally 
transmitted viruses (Trexler, 1961). Previous research on 
germfree animals shows a significant reduction in the size of 
lymph nodes, spleen, and other lymphatic tissue, reflecting an 
absence of the above mentioned microorganisms (Bauer, et al., 
1964; Thorbecke, 1959; Thorbecke and Benacerraf, 1959; Horowitz 
et al., 1964; and Olson and Wostmann, 1966a). Studies of ~pho­
cytopoiesis and plasmacytopoiesis on lymph nodes of germfree 
mice demonstrate that there are fewer blast cells and potential 
antibody forming cells than are found in conventional animals 
(Olson and Wostmann, 1966b). The amount of humoral antibody 
in germfree animals to bovine serum albumin (Kim et al., 1966), 
human gamma-globulin (Hanna, et al., 1969; and Olson and Wost-
mann, 1966a), bovine gamma-globulin (Sell, 1965), sheep red 
blood cells (Bosma, 1969; Nordin, 1968; and Shearer et al., 
1969),and bacterial antigens (Kim et aI, 1966; Olson and Wostmann, 
1966a; and Sell, 1965) is comparable to conventional animals~ 
although delayed in its appearance. 
The above mentioned investigations have dealt with humoral 
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antibody, with no emphasis on cell-mediated immunity. The studies 
involving cell-mediated immunity in germfree animals are conflicting. 
The reports on germfree guinea pigs by Miyakawa et al., (1958) with 
skin allograft rejection, and Lev and Battisto (1970), with delayed 
hypersensitivity reactions to picryl chloride hapten and bovine 
gamma-globulin demonstrate a significant depression of the cell-
mediated immune response. In contrast McDonald et al., (1971) found 
an accelerated rejection of skin allografts in germfree rats. How-
ever, the work by Jutila (1969) and Miller et ale (1967) with mice, 
show that skin allograft rejection time is comparable to that of 
conventional mice. In view of these conflicting accounts, a de-
tailed investigation of the survival time of skin allografts and 
xenografts in germfree inbred mice was necessary. 
HISTORICAL REVIEW 
Centuries before the birth of Christ, Hindu surgeons of the 
tile-makers caste in India developed a techni~ue of transplantation 
of full-thickness skin from the gluteal region to the nose. Similar 
transposition of skin flaps from the forehead to the nose was also 
performed (Billingham, 1963). Tagliacozzi, an Italian Renaissance 
surgeon, in 1597 established a techni~ue called the Tagliacotian 
flap, whereby a skin flap from the upper arm was used to restore 
the amputated nose. Tagliacozzi wrote that the taking of skin or 
tissue from another person would fail because of the "singular char-
acter of the individual" (Hubay and Powell, 1966). Several centuries 
later, in 1869, Reverdin popularized the use of small pinch auto-
grafts in covering granulating wounds with epidermis. Successful 
epidermal transplants were also accomplished using split-thickness 
skin autografts by OIlier in 1872, and Thiersch in 1874 (Converse 
and Casson, 1968). 
An experimental approach to transplantation was first reported 
by Baronio, a Milanese physiologist, in 1804. He described the suc-
cessful autografting of whole-thickness pieces of skin devoid of 
subcutaneous tissue, from one side of the tail of a sheep to the 
opposite side (Davis, 1941). 
All of the foregoing observations had been done using auto-
grafts. It was not until 1903 that Jensen (1903), in describing 
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the rejection of a transplanted tumor in the mouse, suggested that 
allograft rejection (see Table 1) was mediated by a process of 
active immunity. He recognized that different races of mice were 
not equally susceptible to transplantable tumors. 
SchBne in 1912, suggested that allografting was unsuccessful, 
and coined the term "transplantati on s imrnunt at " to des cribe the 
phenomenon he thought had some immune significance. Lexer (1914) 
also, was convinced that allografts were never successful, even 
when transplanted from parent to child and vice versa. Leo Loeb 
(1945), in "The Biological Basis of Individuality", wrote that 
species individuality and genetics determined the acceptance or 
rejection of transplanted tissue. However, he did not place any 
significance on an immune response. 
It remained for Medawar to establish allograft rejection as 
an immunological phenomenon. Until the 1940's, most of the inform-
ation concerning allograft incompatibility came from studies with 
murine tumor allografts. During the Second World War, Gibson and 
Medawar (1943) made clinical and histologic observations of skin 
autografts and allografts transplanted from a brother to a siste~ 
who had suffered extensive thermal burns. At first both types of 
grafts were almost indistinguishable, but by the 23rd d9¥ following 
transplantation the allografts were rejected. A second set of 
allografts showed accelerated rejection, which suggested to Medawar 
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of his own tissue 
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with same histocompatibility 
antigens (e.g., inbred strains 
of mice) 
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from a genetically dis-
similar donor of the same 
species (e.g., different 
strains of mice) 
Recipient receives graft 
from a donor of another species 
(e.g., rat to mouse) 
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and Gibson that graft rejection was the end-result of an immuno-
logic process. These clinical observations were extensively con-
firmed by a classic series of controlled experiments of skin 
autografts and allografts in rabbits (Medawar, 1944; 1945). 
The strength of the immune response to a foreign graft is 
determined by the genetic and antigenic difference between donor 
and recipient. The genetic basis of twnor allograft rejection 
was clearly established by Little (1941) through the development of 
highly inbred strains of mice. Subse~uent investigations by Gorer 
(1937) and Snell (1958) with tumor transplants in inbred mice 
have revealed at least 15 multiple-allelic histocompatibility genes 
which produce lipoproteins or lipoglycopeptides that become associ-
ated with the surface membranes of nucleated cells, such as white 
blood cells, reticuloendothelial cells, and epidermal cells (Davies, 
1968). Genes governing transplantation antigens are called histo-
compatibility genes. The H-2 histocompatibility locus in the mouse 
determines the strongest allograft transplantation antigens (Snell 
and Stimpfling, 1966). 
As early as 1914, J. B. Murphy had identified the small lymphoid 
cell as the agent responsible for the destruction of foreign tissue 
transplants. But it was Gowans (1965) who demonstrated that trans-
plantation antigens interact with small lymphocytes in the regional 
draining lymph node, causing the small lymphocytes to develop into 
large pyroninophilic cells. Activated lymphocytes, as progeny of 
these blast cells, then pass from the node by way of the blood stream 
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to the graft site where they interact directly with the foreign 
tissue antigens, thereby destroying the graft. 
The origin of germfree animals within an environment free of 
microorganisms, provided a situation where the reduced reticulo-
endothelial and lymphatic tissue can be used to study various aspects 
of the ilrrmunological response. Investigations show that the germfree 
animal's immunological response to human "g~~a-globulin (Hanna, et 
al., 1969; and Olson and Wostmann~ 1966a)~ bovine serum albumin 
(Kim et al., 1966), bovine gamma-globulin (Sell, 1965), sheep red 
blood cells (Bosma, 1969; Nordin~ 1968; Shearer et al.~ 1969; and 
Cudkowicz and Shearer, 1969), and bacterial antigens (Wostmann, 1968; 
Bauer, 1968; Kim et al., 1966; Olson and Wostmann, 1966a; Sell and 
Fahey, 1964; Sell, 1965; and Outzen, 1969) is as competent as its 
conventional counterpart, although slightly delayed. Therefore, the 
low levels of serum gamma-globulin prior to antigenic challenge is 
of little consequence in the development of immune competence (Wost-
mann, 1959; Wostmann, 1961; and Henderson and Titus, 1968). 
The lymph nodes and spleens in germfree mice have equal numbers 
of macrophages and lymphocytes, but fewer plasma cells than conven-
tional mice. Phagocytosis of particulate antigen is the same in 
both, but intracellular digestion is slower in germfree mice (Dukor 
et al., 1968; Sell, 1965; Hanna, et al., 1969; Bauer, et al., 
1964; Horowitz, et al., 1964; and Thorbecke, 1959). Conventional 
mice have been shown to possess three times more blast cells and 
8 
potential antibody producing cells than non-antigenically stimulated 
germfree mice (Olson and Wostmann, 1966b). The number of plaque 
forming cells in the spleens of germfree mice are equivalent to their 
conventional counterparts (Nordin, 1968; and Shearer, et al., 1969). 
Cohen et al., (1963) arld Stollerman et al., (1965) postulated that the 
presence of antigens within the steam sterilized solid food and bedding 
is probably the source of stimulus for the low levels of gamma-
globulin. Moreover, Pollard (1967) and. Dukor et al., (1968) suggested 
that the small but distinct germinal zones in the lymph nodes of 
germfree mice are due to the constant stimulation of antigenic com-
ponents in the diet. Indeed, germfree mice reared on a chemically 
defined, low molecular weight diet (sterilized by filtration) are 
almost devoid of immune globulins (Pleasants, et al., 1970; and 
Wostmann, et al., 1970). 
The above mentioned reports have dealt with the humoral anti-
body response, with very little emphasis on cellular-mediated immun-
ity. Lerner (1964) reported that the delayed skin reactions in germ-
free guinea pigs to ovalbumin and to PPD (purified protein derived from 
Mycobacterium tuberculosis) were decreased or absent, even though 
humoral antibody was present. Also, Lev and Battisto (1970), were 
unable to demonstrate cellular-mediated immunity in germfree guinea 
pigs to an allergenic hapten (picryl chloride), a serum factor 
(bovine gamma-globulin), and the ~ tuberculosis in Freund's 
adjuvant, although they exhibited immediate type skin reactions. 
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In experiments involving parabiotic intoxication, germfree 
mice survive significantly longer than their conventional counter-
parts (Labrecque, 1966; and Leonard et al., 1967). However, the 
graft versus host reaction induced by spleen cells is the same in 
both the conventional and germfree environment (Salomon and Lecourt, 
1966; Jutila, 1969; and McIntire, et al., 1964). 
There are two reports, one in Swiss mice by Reed and Jutila 
(1967), and one in C3H mice by Bealmear and Wilson (1967), that 
germfree mice can reject tumor allografts as well as their conven-
tional counterparts. 
The first account of allograft transplantion in a germfree 
environment was by Miyakawa et al., in 1958. In germfree guinea 
pigs, of which there were only 3, they found delayed necrosis of 
the transplanted skin allografts. Results in germfree mice were 
first obtained when McIntire et ale (1964) grafted BALB/c skin 
onto germfree C57BL mice (H-2 incompatible). All the mice re-
jected the allografts by the. 20th day. Also, in 1967 Miller et ale 
grafted normal and thymectomized conventional germfree C3H mice 
with CBA (H-2 compatibility) skin. Both normal conventional and 
germfree mice rejected their CBA skin allografts in 12-14 days, 
while neonatally thymectomized germfree and conventional mice showed 
a prolongation of skin allografts. However, the conventional mice 
died of wasting disease with their grafts stili intact. Jutila 
(1969) reported obtaining a mean survival time of 14 days when grafting 
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germfree Swiss mice with full-thickness strain A tail skin. In 
contrast, the work by McDonald et ale (1971) with germfree rats 
is the only published report of accelerated skin graft rejection 
in germfree animals. Because of these various discrepancies, a 
detailed investigation of the survival time of skin allografts and 
xenografts in the germfree mouse was necessary. 
MATERIALS AND METHODS 
Experimental Design: The effect of the germfree state on 
the survival time of skin allografts and xenografts was obtained 
by comparing germfree ~BALB/c x C57BL/IO) FI female mice with 
age-matched conventional (BALB/c x C57BL/IO) Fl female mice as 
controls for the alloantigenic incompatibilities, and germfree 
BALB/c female mice with their conventional age-matched counter-
parts as controls for the xenoantigenic incompatibilities. 
Animals: The recipients for the skin allografts were 2-4 month 
old (BALB/cPi x C57BL/lOPi) Fl females. There were two reasons why 
Fl hybrid females were used as recipients: (1) the C57BL/IO 
parent mouse is a very poor breeder in the germfree state, and 
(2) a recipient was needed that could be challenged with skin allo-
grafts of varying degrees of histoincompatibility, namely, "strong" 
(H-2), "moderate" (non H-2), and "weak" (H-Y) alloantigenic differ-
ences. The Fl hybrid female responds well to all of these grafts~ 
BALB/c females were used as recipients for the xenografts because 
there were not enough FI hybrids available at the time for all the 
experiments. 
The donors fo the "strong", "moderate", and "weak" allografts 
were C3Hf/Pi females, 129/Pi females, and (BALB/cPi x C57BL/lOPi) 
Fl males, respectively. Tqe C3Hf donors (H-2k) presented at least 
5 foreign H-2 alloantigenic specificities to the Fl hybrid (H_2db ) 
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recipients; strain 129 (H_2b ) and the Fl recipients are H-2 
compatible, but differ at at least 9 non H-2 loci; and the 
(BALB/c x C57BL/IO) Fl male donors challenged the Fl female 
recipients with the "weak" H-Y antigen (s) . The genetics of the 
strains of mice used in this investigation are found in Table 2 
(Snell and Stimpfling, 1966). Male Fischer/344 rats were the 
donors of skin xenografts. The donors of skin allografts and 
xenografts to germfree recipients were also germfree; the 
preparation and transplantation of donor skin were done within 
the germfree environment. 
Germfree mice to be used as controls (Table 3) were con-
ventionalized by removing them from their germfree isolators and 
introducing them into a pathogen-free barrier-maintained colony 
upon weaning (Foster, 1961). Bacteriological tests of the resident 
flora of the colony revealed two strains of lactobacillus (a compact, 
and a rhizoid), an anaerobic group N streptococcus, a bacteroides, 
an enterococcus, a non-lactose-fermenting Escherichia coli (all 
obtained from Dr. R. W. Schaedler (1965) of the Rockefeller Uni-
versity), a viridans streptococcus, and a Streptococcus equisimilis. 
No mycoplasms, endo or ecto parasites or protozoans could be iso-
lated. The animals were allowed to equilibrate with their environment 
for about a month before grafting. They were fed autoclaved Wayne 
Lab Blox and maintained in autoclaved cages and bedding. 
TABLE 2 
Histocompatibility (H-) Genetics of the Mouse 
Strains Used in This Investigation 
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1. "Strong" Combination: Known H-2 Alloantigenic Specificities 
























*Known allelic differences in parenthesis 
2. "Moderate" Combination: Known Non H-2 Alleles 
H-Locus 129 Female Donor (BALB/c x C57BL/IO)F] 
1 b b~c 
2 b d,b 
3 (b)* a 
4 (b) a 
5 ( a) ? 
6 ( a) 
7 a a,b 
8 (b) a 
9 a,b a,b 
10 (-) a 
11 (-) a 
12 (b) a 
13 (b) a 
*Known allelic differences in parenthesis 
3. "Weak" Combination: H-Y Antigen(s) 
Recipient 











Germfree Rat Strain 
Fischer/344 
Originated from Following 
Conventional Mouse Strains 
Germfree Foster Parent 
Following Caesarean 
Deri vation 
BALE/CAn obtained from 
Hoffman 
C57BL/10 obtained from 
Hoffman 
129 obtained from 
Runner 







Obtained germfree from 
A. R .. Schmidt Co., 
Madison, Wisconsin 
Conventional Mouse and Rat Strains Origin 
C3Hf, 129, and (BALB/c x C57BL/10)Fl 
mice and Fischer/344 rats 
Derived from germfree 
strain and maintained 
in a pathogen-free 
barrier-maintained colony 
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Skin Grafting Technique: The skin for grafting was obtained 
from the clipped (electric clippers) ventral surface of the donor, 
freed of subcutaneous muscle (panniculus carnosus), fat, and loose 
connective tissue by tangential scraping with a scalpel, and cut 
into a circular pattern with a 14 mID cork bore. Care was taken 
to avoid active skin that was undergoing hair follicle growth 
pbase, because of the significant influence it has on reducing 
the survival time of the graft (Claesson and Hardt, 1970). The 
grafts were then placed in a petri dish containing a saline 
soaked filter paper until needed for grafting. The graft size 
when placed on the animal was about 12 mID in diameter. The 
preparation of the recipient graft bed and the grafting was 
performed according to the technique described by Billingham 
(1961) with the recipient anesthetized. The hair was clipped 
from the thoracic area of the host and swabbed with 70% ethyl 
alcohol (by weight). The bed for the graft was obtained by 
cutting away the epidermis and dermis, down to the panniculus 
carnosus with fine curved iris scissors, making a circular de-
pression about 12 mm. in diameter, leaving the vascularlized 
fascia overlying the recipient panniculus carnosus intact. The 
graft bed was kept moist by physiological saline solution until 
the donor graft was placed on the bed. The graft was oriented 
so that the hair was slanting in the opposite direction from the 
normal. This was done to facilitate reading and scoring the graft 
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later on. Vasolined gauze was placed over the graft and plaster-
of-paris bandage (3/4" x 7") was then wrapped around the entire 
thorax. The dressings were removed on the 8th postoperative day 
for first set allografts and on the 6th postoperative day for 
second set allografts and all xenografts. The interval between 
first and second set grafting was 30 days. 
Graft survival time was determined by gross evaluation of 
epidermal destruction, with the end-point being the day of com-
plete scabbing (Billingham, 1961). Median survival times were 
determined and compared by the Litchfield nomograph method (1949); 
groups of graft survival times were compared by the Mann-Whitney 
u-test (Siegel, 1956). The Litchfield nomograph method is a rapid 
graphic method for the solution of time-percent curves on log-
probability paper (in this case, per cent of surviving grafts), 
with the median survival time the 50% intercept and the standard 
deviation the slope of the line. A factor f is obtained nomographi-
cally. If the product of dividing the standard deviation of one 
group (experimental or control, whichever is largest) by the other 
exceeds the value obtained from the nomograph, the two groups are, 
significantly different (p)0.05). In the Mann-Whitney U-test, a 
non-parametric analysis, the individual test scores from the ex-
perimental and. control groups are ranked in order of increasing 
size. The value of U is given by the number of times that a score 
in one group precedes a score in the other. R is the summation 
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of the rankings. If an observed U (the smaller one of the two) 
is equal to or less than that value given in the table, the hypo-
thesis may be rejected at that level of significance indicated by 
the table. 
Germfree Techniques: The inbred germfree BALB/c, C57BL/10, 
129, and C3Hf mice were originally derived by cesarean section from 
their conventional strains and foster nursed by germfree mice 
(Pilgrim and Parks, 1968) (Table 3)0 They were maintained in 
autoclaved aluminum free-flow isolators (Pilgrim, 1969) and fed 
autoclaved Wayne Lab Blox and c.anned water. 
Sterility checks, to detect microbial contamination were made 
during and following grafting using thioglycollate broth. These 
checks consist of sampling the feces of several mice within an 
isolator and removing the sample for incubation and analysis. The 
germfree mice were found to be free of bacteria, mycoplasma, pro-
tozoans, endo and ecto parasites. Serological tests for polyoma, 
reovirus, mouse hepatitis, LCM, and GD7 were negative. 
For skin grafting in the germfree environment, sodium pento-
barbital solution (5 mg/ml in 20% propylene glycol and 10% ethyl 
alcohol) and physiological saline were introduced into the germfree 
isolator by the technique described by Pilgrim (1969) and plaster-
of-paris bandages and electric clippers were sterilized with 
ethylene oxide and passed into the isolator through a porthole 
decontaminated with iodine solution. The clippers were electrically 
operated by passing an extension cord out through a circular 
laminated filter of an isolator transfer sleeve. 
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RESULTS 
The raw data on the survival times of the skin allografts and 
xenografts in germfree and conventional mice are contained in the 
appendix. 
In Experiment I, 2-4 month old (BALB/c x C57BL/IO) Fl hybrid 
female mice were grafted with skin allografts from C3Hf donor 
females (H-2 incompatibility). When the median survival time of 
first set allografts on germfree mice(9.6~O.4 days) was compared 
with the conventional mice (9.8~O.7 days), there was no signifi-
cant difference (Table 4). The range of 9-12 days for germfree, 
as compared with 9-13 days for the conventional state, was almost 
identical. When second set allografts were placed on the side op-
posite the first set 30 days later, again, there was no significant 
difference in median survival time (germfree, 6.4~0.1 days; con-
ventional, 6.3~O.3 days). The distribution of survival times for 
both germfree and conventional mice was the same, as evident from 
Figure 1. 
In Experiment II, 2-4 month old (BALB/c x C57BL/IO) Fl female 
mice received skin allografts from a 129 female donor (non H-2 
incompatibility). The median survivalume of first set allografts 
for germfree mice of l5.0~1.4 days as contrasted with conventional 
mice, l3.5~O.7 days, showe~ no significant difference (Table 5)e 
However, when comparing the distribution of survival times for the 
TABLE 4 
Survival of first and second set C3Hf skin allografts (H-2 allogeneic incompatibility) 




Strain sex set No. MST±95%CLa SDb Range 
C3H ~ 1st 11 9.6::0.4 1.1 9-12 
C3H ~ 2nd 10 6.4::0.1 1.0 6-7 
aMedian survival time + 95% confidence limits (d~s). 
bStandard deviation (days). 
cObtained by Litchfield test. 
dDistribution obtained by Mann-Whitney U-test. 
Conventional 
No. MST±95%CL SD Range 
11 9.8+0.7 1.1 9-13 



























o GERM FREE 
10 12 
DAYS AFTER TRANSPLANTATION 
Distribution of survival times of first and second set C3Hf 
skin allografts (H-2 allogeneic incompatibility) on germfree 
and conventional (BALB/c x C57BL/IO) Fl female mice. 
TABLE 5 
Survival of first and second set 129 skin allografts (non H-2 allogeneic incompatibility) 




strain sex set No. MST±95%CLa . SDb Ranse 
129 ~ 1st 12 l5.0:!:.1.4 1.1 13-18 
129 ~ 2nd 12 6.3+0.1 1.0 6-7 
~edian survival time + 95% confidence limits (days). 
bStandard deviation (days). 
CObtained by Litchfield test. 
dDistribution obtained by Mann-Whitney U-test. 
Conventional 
No. Y"lST±.95%CL SD Ranse 
12 13. 5:!:.0. 7 1.1 12-16 
11 6.3+0.1 1.0 6-7 
P-value 
MSTc Dist. d 






two groups, the P-value of 0.04) P)0.02 indicated a significant 
difference between the first set graft survival time of germfree 
and conventional mice. This was discernible by the diverse curves 
obtained for the first set grafts (Figure 2). The median sur-
vival time and distribution for second set skin allografts (6.3~0.1 
days) was identical for both germfree and conventional mice. 
In Experiment III, (BALB/c x C57BL/IO) Fl female mice, 2-4 
months old, were grafted with abdominal skin from a (BALB/c x 
C57BL/IO) Fl male to test the effect of the "weak" (H-Y) antigen 
incompatibility on germfree and conventional mice. The median 
survival time for germfree Fl females was 31.0~4.0 days as contrasted 
with 31.0~3.8 days for conventional Fl females (Table 6). In one 
germfree mouse a first set graft was intact at 210 days and a second 
set at 180 days, when the mouse was killed. The range for the other 
9 mice was 23-39 days and 8-21 days for the first and second set 
grafts, respectively. A first set graft on one conventional mouse 
survived 98 days, with a range of 25-39 days for the other 10 mice. 
When the median survival time for second set grafts (12.6~2.3 days) 
of germfree Fl mice was compared against the median survival time 
(12.8~2.9 days) of conventional Fl mice, there was no significant 
difference. The lack of variation between the distribution of sur-
vival times for the two populations is shown in Figure 3. 
In Experiment IV, 2-4 month old BALB/c mice were grafted with 
















2nd SET 1st SET 
o CONVENTIONAL 
o GERM FREE 
10 12 14 
DAYS AFTER TRANSPLANTATION 
Distribution of survival times of first and second set 129 
skin allografts (non H-2 allogeneic incompatibility) on 
germfree and conventional (BALB/c x C57BL/IO) Fl female mice. 
TABLE 6 
Survival of first and second set (BALB/c x C57BL/IO)Fl male skin grafts (H-Y incompatibility) 




strain sex set No. MST±95%CLa SDb Range 
Fl c1 1st 10 31.0+4.0 1 .. 2 23-39(210) 
F1 d' 2nd 10 12. 6+2.3 1.4 8-21(210) . 
~edian survival time + 95% confidence limits (days). 
bStandard deviation (days). 
CObtained by Litchfield test. 
dDistribution obtained by Mann-Whitney U-test .. 
Con vent i ona1 P-value 
No. MST±95%CL SD RanSie MSTc Dist. d 
11 31.0+3.8 1.2 25-39(98»0.05 >0.05 















2nd SET rsf SET 
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16 24 32 40 
DAYS AFTER TRANSPLANTATION 
26 
Distribution of survival times of first and second set (BALB/c 
x C57BL/lO) Fl male skin grafts (H-Y incompatibility) on germ-
free and conventional (BALB/c x C57BL/lO) Fl female mice. 
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0.2 days for germfree mice was not significantly different from 
6.~0.2 days obtained for conventional mice (Table 7). The range 
of survival times were comparable to being the same (Figure 4). 
When the recipient mice were grafted the second time, the xeno-
grafts in both environments were completely destroyed by day 6 
following transplantation. 
TABLE 7 
Survival of first and second set Fischer/344 male rat skin xenografts 




strain sex set No .. MST±95%CLa SDb Ranse 
Fischer til 1st 11 7.1.:.0.2 1.1 7-9 
Fischer 4' 2nd 11 ~6.0e 
aMedian survival time +95% confidence limits (days). 
bStandard deviation (d~s). 
CObtained by Litchfield test. 
dDistribution obtained by Mann-Whitney U-test. 
eAll grafts destroyed at 6-d~ primary inspection. 
Conventional 
No. MST±95%CL SD 











100 1st SET 
80 
o CONVENTIONAL 
o GERM FREE 
6 8 10 
DAYS AFTER TRANSPLANTION 
Distribution of survival times of first set Fischer/344 male 
rat skin xenografts on germfree and conventional BALB/c 
female mice. 
DISCUSSION 
Very few studies of transplantation or cell-mediated im-
munity have been conducted with germfree animals. Miyakawa et 
al. (1958) reported that skin allografts survived longer on germ-
free than on conventional guinea pigs, but their sample size was 
very small (only 3 germfree guinea pigs). Lerner (1964) reported 
that delayed skin reactions in germfree guinea pigs were decreased 
to ovalbumin and were absent to PPD (purified protein derived from 
Mycobacterium tuberculosis), although humoral antibody was present. 
Lev and Battisto (1970) were unable to demonstrate cell-mediated 
irnmlmity in germfree guinea pigs to an allergenic hapten (picryl 
chloride), a serum protein (bovine gamma-globulin), and the ~ 
tuberculosis in Freund's adjuvant. Moreover, two germfree guinea 
pigs that exhibited immediate-type skin reactions, when given com-
petent lymphoid cells from conventional pigs sensitized to PPD, were 
unable to translate the adoptive immunity into delayed-type skin 
reactions. The authors postulate that germfree guinea pigs have a 
general inability to develop delayed hypersensitivity. 
McIntire et al. (1964) grafted BALB/c (H-2d) skin onto normal 
and thymectomized germfree C57BL (H-2b) mice. None of the normal 
mice showed any prolongation of graft survival time past 20 days, 
while 5 of 20 thymectomized mice accepted their grafts beyond 20 
days. Jutila (1969) grafted germfree normal and cortisol acetate 
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treated Swiss mice with strain A tail skin. The mice in both 
groups rejected their allografts in 12-17 days. However, neither 
of these two papers include data on graft survival in comparable 
conventional mice. 
In contrast, Miller et ale (1967) grafted normal and thymec-
tomized conventional and germfree C3H mice with H-2 compatible CBA 
skin (C3H and CBA are both H-2k). Both normal germfree and con-
ventional mice rejected their allografts in 12-14 days with a mean 
survival time of 14 days for the germfree versus 12 days for the 
conventional group. However, neither statistical parameters nor 
the significance of this 2 day difference in mean survival times 
were given. In contrast, the effects of neonatal thymectomy were 
more severe in conventional mice than germfree mice'; 32 of 36 (89%) 
thymectomized germfree recipients rejected their grafts within 30 
days as opposed to 3 of 8 (38%) conventional controls. However, 
since germfree mice have a reduced lymphocyte pool to start with, 
as suggested by Miller et al., the effects of neonatal thymectomy 
on the size of the pool would be relatively insignificant. 
The report by McDonald et al. (1971) is the only published 
study of transplantation immunity in germfree rats a They found in 
the inbred Fischer to ACI strain combination, and the reciprocal in-
bred ACI to Buffalo strain combination that full-thickness skin allo-
grafts were rejected at a significantly faster rate in germfree 
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than in conventional rats. Moreover, lymphocytes from germfree 
l 
rats developed an earlier burst of mitotic activity in mixed 
lymphocyte cultures than those from conventional rats, although 
the total mitotic activity" in both groups was the same. This is 
the only report of heightened cell-mediated immunity in germfree 
animals. The authors suggest that a larger proportion of the 
immunologically competent cells of the germfree rat's reduced lym-
phoid system responds to an antigenic challenge. However, it is 
difficult to understand why this would hold true only for germfree 
rats and not for germfree mice and guinea pigs. In addition the 
authors suggest that the heightened response by germfree rats may 
also lie in the increased ability of germfree animals to process 
antigen. However, this is in contrast to the findings of Bauer 
et ale (1964) that phagocytosis is unaffected by the host's micro-
bial state, although the intracellular digestion of phagocytized 
microorganisms occurs more slowly in the macrophages of germfree 
mice. 
When the median survival times of first set skin allografts and 
xenografts were compared by the Litchfield nomograph method~ in not 
one case was there any significant difference. Moreover, germfree 
mice mounted second set reactions comparable in intensity to their 
conventional counterparts in all cases. When the distribution of sur-
vival times were compared by the Mann-Whitney U-test, the only 
significant difference was in the 129 to (BALB!c x C57BL!lO) Fl 
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strain combination (0.04)P)0.02). However, the ranges of 
survival times for the grafts in the conventional versus the germ-
free groups were 12-16 versus 13-18 days, respectively, indicating 
that the difference was ver,y slight. Also, in the (BALB/c x C51BL/10) 
Fl male to female combination neither the Litchfield method nor the 
U-test revealed any significant difference between germfree and 
conventional graft survival times. However, the survival of one 
first set graft on a germfree mouse for 210 days and a second set 
graft for 180 days, and the survival of a first set graft for 98 
days on one conventional mouse in the Fl hybrid combination was 
indicative of the occasional inability of the females to respond 
to the "weak" H-Y antigen( s) of the male (Silvers and Billingham, 
1967; and Hildemann, 1910). 
Rapaport (1910) and Ben-Hur, et al. (1969) are of the opinion 
that the allograft and xenograft reactions may be expressions of 
prior sensitization of the host to a variety of microorganisms or 
other antigens which may cross-react with allogeneic and xenogeneic 
mammalian transplantation antigens. If this is true, one would ex-
pect a prolongation of graft survival in germfree animals over that 
of conventional animals, which are exposed to a multitude of micro-
organisms. However, I failed to find any difference in skin allo-
graft or xenograft survival times between germfree and conventional 
inbred mice. Nevertheless, even though germfree mice have no viable 
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microorganisms, antigens which still could be a source of prior 
sensitization might have been present within the steam sterilized 
solid food, water, and bedding (Cohen, et al., 1963; Stollerman, 
et al., 1965; and Wostmann, et al., 1970). Consequently, for a 
conclusive test of Rapaport's hypothesis all possible antigenic 
stimulation would have to be eliminated from the germfree environ-
ment. The low molecular weight filter sterilized diets developed 
by Pleasants et ale (1970) and Wostmann et ale (1970) apparently 
are minimally antigenic, as evidence by the low white blood cell 
cOlli1ts and low concentrations of IgG in young adult mouse recipients. 
However, there is a gradual increase of both these parameters with 
age. Also, there is a high mortality during stressful events, such 
as rapid tissue synthesis or pregnancy or lactatiort. So, it may 
never be possible to test allograft and xenograft survival in an 
environment totally absent of all antigenic stimUlation or, at least, 
this will have to await the development of considerably more nutri-
tious antigen-free diets. 
SUMMARY 
A comparison of 2-4 month old (BALB/c x C57BL/IO) Fl female 
mice receiving C3Hf abdominal skin grafts (H-2 incompatibility) 
with their conventiona~ counterparts, revealed that there was 
no significant difference in median survival time of the first 
set al1ografts; 9. 6+0.4 days with a range of days for germ-
free mice, as opposed to 9.8~0.4 days median survival time with a 
9-13 days range for conventional mice. Second set median survival 
times were not remarkably different (germfree, 6.4+0.1 days; 
conventional, 6.3+0.3 d~s). 
Corresponding data for non H-2 incompatibility antigens were 
demonstrated when Fl hybrid female recipients of 129 skin allografts 
exhibited a median survival time of 15.0~1.4 days (range 13-18 days) 
for germfree mice as contrasted to 13.0~O.7 d~s (range 12-16 days) 
for conventional mice. The second set median survival time was the 
same for both groups, 6.3~O.1 d~s. 
When the "weak" H-Y incompatibility antigen{ s) were tested by 
grafting (BALB/c x C57BL/IO) Fl female recipients with (BALB/c x 
C5TBL/IO) Fl male skin, no significant difference between germfree 
and conventional mice was noted. The germfree Fl hybrid female 
median survival time for the first set allografts was 31.0~4.o days 
as compared to 31.0+3.8 days for the conventional Fl females. The 
median survival times of second set grafts, 12.6+2.3 days for germ-
free and 12 . 8:t2. 9 days for conventional mice were not remarkably 
different. 
In the experiment using Fischer/344 male rat xeno-
grafts, BALB/c mice exhibited a median survival 
time of 7.l~0.2 days (range 7-9 days). This was not signi-
ficantly different from 6.8+0.2 days (range 7-8 days) obtained 
for conventional mice. Second set xenografts for both groups 
were complete~ destroyed by day 6 following transplantation. 
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It was concluded that the absence of viable microorganisms 
and the reduction of lymphoid tissue in germfree mice has little 
or no effect on the survival times of skin allografts and xeno-
grafts. 
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Experiment I: H-2 Allogeneic Incompatibility: C3Hf femal~BALB/c x C57BL/I0) Fl female. 
FIRST SET 
Germfree Conventional 
Day 0 No. % Rejected % Surviving Day 0 No. % Rejected % Surviv-
.ing 
8 0/11 0 100 8 0/11 0 100 
9 3/11 27.3 72.7 9 2/11 18.2 81.8 
10 8/11 72.3 27.3 10 8/11 72.7 27.3 
12 11/11 100 0 11 9/11 81.8 18.2 
Range (R) 
Median Survival Time + 95% Con-
fidence Limits (MST+95%CL) 






RR = 1.016 
frr = 1 .. 11 
RR<frr 
p) 0.05 
Mann- Whitney U Test: 
One-tailed p,. 0.05 
Two-tailed P ')0.10 







12 10/11 90.9 9.1 
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Experiment I: (Continued) 
SECOND SET 
Germfree Conventional 
Day 0 No. % Rejected % Surviving Day 0 No. % Rejected % Surviving 
6 1/10 10 90 6 6/10 60 40 









RR = 1.016 
frr = 1.06 








Mann-Whitney U Test: 
One-tailed P >0.05 
Two-tailed P>O.lO 










Experiment II: Non H-2 Allogeneic Incompatibility: 129 female~{BALB/c x C57BL/I0)F1 female. 
FIRST SET 
Germfree Conventional 
Day 0 No. % Rejected % Surviving Day 0 No. % Rejected % Surviving 
12 0/12 0 100 11 0/12 0 100 
13 1/12 8.3 91.7 12 1/12 8.3 91.7 
14 4/12 33.3 66.7 4/12 33.3 66.7 
15 6/12 50.0 50.0 14 8/12 66.7 33.3 
16 8/12 66.7 33.3 15 11/12 91.7 8.3 
17 9/12 75.0 25.0 16 12/12 100 0 









RR = 1.037 
frr = 1.13 
RR (frr 
P> 0.05 
Mann-Whitney U Test: 
13-18 d 






One-tailed 0.02> P")' 0.01 
Two-ta.iled 0.04,. P> 0.02 
12-16 d 






Experiment II: (Continued) 
SECOND 
Germfree Conventional 
Day 0 No. % B~_j~9~ed_ . _ . %. p1lrviviIlE; ________ :o~y_,o_ No. % Rejected 
b-~----- 1/12 8.3 91.7 6 1/11 9.1 










frr = 1.04 
RR<frr 
P>0.05 
Mann-Whitney U Test: 
One-tailed P> 0.05 
Two-tailed P > 0 .10 
<.6-7 d 




• 5 65.5 
.(.6-7 d 











Experiment III: H-Y Incompatibility: (BALB/c x C57BL/I0) Fl male~(BALB/c x C57BL/I0)Fl female. 
FIRST SET 
Germfree Conventional 
Day 0 No. % Rejected % Surviving Day 0 No. % Rejected % Surviving 
22 0/11 0 100 24 0/11 0 100 
23 1/11 9.1 90.9 25 4/11 36.4 63.6 
25 2/11 18.2 81.8 28 5/11 45.5 54.5 
28 3/11 27.3 72.7 29 6/11 54.5 45.5 
29 4/11 36.4 63.6 37 7/11 63.6 36.4 
30 6/11 54.5 45.5 38 9/11 81.8 18.2 
31 7/11 63.6 36.4 39 10/11 90.9 9.1 
37 8/11 72. 7 27.3 98 11/11 100 0 
39 9/11 81.8 18.2 









RR = 0 
frr = 1.27 
RR<frr 
P>0.05 
Mann-Whitney U Test: 
One-tailed P>0.05 
Two-tailed P" 0 ."10 
23-) 210 d 















Experiment III: (Continued) 
SECOND SET 
Germfree Conventional 
Day 0 No. % Rejected % Surviving Day 0 No. % Rejected % Surviving 
6 0/11 0 100 6 1/11 9.1 90.9 
8 4/11 36.4 63.6 8 18.2 81.8 
10 7/11 63.6 36.4 10 3/11 27.3 72.7 
18 9/11 81.8 18.2 11 7/11 63.6 36.4 









RR = 1.02 
frr = 1.32 
RR<frr 
P> 0.05 
Mann-Whitney U Test: / 
One-tailed P >0.05 
Two-tailed P )0.10 
8->210 d 






15 9/11 81.8 18.2 
21 10/11 90.9 9.1 
<: 6-21 d 








Experiment IV: Xenogeneic Incompatibility: Fischer/344 male Rat ~ BALB/c female 
Germfree 













RR = 1.044 















































Experiment IV: (Continued) 
Germfree 
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